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Methods
15
Mesh refinement study 16
For 2D modelling approach, it is important to ensure that any finite element mesh is sufficiently 17 refined so that the numerical simulations based on that mesh are not prone to significant 18 numerical error, while also minimizing required computing time. To test this, we carried out a 19 mesh refinement study on the finite element model created from quadrant 77R-IN. All 20 parameters including boundary conditions, loading pressure, and tissue stiffness remained the 21 same. TM stiffness was set at 114 kPa. Simulations were run for a series of different element 22 sizes which were characterized by edge length. 23
3D model 24
With the pseudo-2D modelling approach, the model geometry was created based only on tissue 25 structures observed from a single 2D OCT slice. The tissue regions modeled in 2D at a single 26 location were unable to adequately characterize the TLS oriented circumferentially in SC and 27 therefore, it was impossible to depict those tissue structures which spanned several slices. 28
Thus, a 3D model, including tissue structures such as TLS, collector channel and septae, was 29 built and the estimated TM stiffnesses were compared between the 2D and 3D approaches. 30
Specifically, a 3D model was built for the superior temporal quadrant of eye 80R to compare 31 against the 2D approach. The geometry for the 3D model was based on 9 adjacent OCT 32 images, instead of a single image as for the pseudo-2D models. The central OCT image used in 33 the 3D model was the same as that in pseudo-2D model for eye 80R, giving a 3D model 34 thickness of 80 µm thus allowing us to include potentially relevant outflow tissue structures such 35 as transluminal structures (TLS), septa and a collector channel (CC) ( Figure S1 ). Cornea/Sclera 36 and CB were given the same stiffness values as those in pseudo-2D model. In the absence of 37 any specific data, septae were assigned a stiffness which was close to that of TM. A pressure 38 load was applied to all inner surfaces of the open SC and CC lumens, with a magnitude 39 identical to that applied in the pseudo-2D model of the same quadrant. This did not precisely 40 replicate the experimental situation, but allowed a direct comparison between results of the 41 pseudo-2D model and the 3D model. As with the pseudo-2D models, the SC lumen 42 configuration was compared between simulated and experimentally measured results. 
55
Sensitivity analysis 56
In practice, the biomechanical properties of outflow tissue other than the TM can vary from 57 sample to sample. In addition, manual tissue boundary delineation may differ from reality and is 58 somewhat subjective. We thus performed a sensitivity analysis on these aspects of the 59 simulations in the 2D modelling approach. 60
First, the effects of sclera/cornea and ciliary body stiffnesses on predicted TM stiffness were 61 evaluated using Latin Hypercube Sampling (LHS). LHS is an efficient stratified sampling 62 technique where each input variable in a simulation is described by a probability distribution 63 which is decomposed into equi-probable intervals [1]. For each simulation, a value for each 64 variable is randomly selected from one equi-probable interval, without replacement. These input 65 variables are used to drive a numerical simulation, and this process is repeated for many 66 combinations of input variable values. An advantage of LHS is that it efficiently provides 67 sensitivity information, which in this case was used to determine how changes in two variables 68 (sclera/cornea stiffness and CB stiffness) impacted on estimated TM stiffness. The minimum 69 number of required simulations, N, for a LHS study has been empirically established as N > 70 4k/3, where k is the number of input variables [1, 2] . In this study, fifteen random combinations 71 of sclera/cornea and CB stiffnesses were generated by LHS, which satisfied the above criterion. 72 A key step in the LHS process is specifying the probability distributions of the input variables. 73
We took mean stiffnesses for sclera/cornea and CB to be 3000 kPa and 100 kPa, respectively, 74 as in the preliminary simulations. The stiffness range for normal human sclera/cornea was taken 75 as 1000 -5000 kPa [3, 4] . CB stiffness varied from 30 -170 kPa. The lower and upper bounds 76 for the CB stiffness were assumed to be mean ± 0.7*mean, to match the proportional range for 77 sclera/cornea. Values in both ranges were assumed to be uniformly distributed. 
86
Corrected loading pressure 87
Finally, we realized that the pressure within the SC lumen is not necessarily the same as the 88 reservoir pressure because of flow resistance in the system. For FE modeling, we must apply a 89 pressure load that is consistent with the real situation in order to accurately simulate tissue 90 
102
(2) Resistance of cannula: The dimensions of the cannula were measured on several 3D OCT 103 images using Fiji software and are shown in Figure S4 . The cross-sections of the cannula were 104 taken to be ellipses. Since both semi-major and semi-minor axes of the ellipses are functions of 105 the distance from cannula tip, the resistance of cannula could be calculated by treating the flow 106 as locally Poiseuille and integrating along the length of the cannula [18], as follows: 107
where ( ) and ( ) are the local semi-major and -minor axes of the ellipse; is the viscosity of 109 saline; is the length of the cannula and is the cannula resistance. 110 scans; is the viscosity of saline; and is the length of SC. was approximated as 8 mm 118 since each quadrant is one fourth of the anterior eye, which made it about 9 mm, and one 119 millimeter was taken off for wastage from cutting and trimming, etc. 120
The distance from the tip of the cannula to the scan location was about 2 mm. Thus, the 121 pressure at the scan location ( ) was equal to the pressure drop from scan location to the 122 free end of the SC, which had a length of three fourths of the total SC length for this specific 123 quadrant: 124
where is the flow rate along the SC (see equation S6). We assumed the pressure on the free 126 end of SC ( Figure S5 ) was zero referenced to the bath pressure. 
131
Results
132
Mesh refinement study 133
The predicted SC perimeter and area both converged to asymptotic values as the mesh 134 element size was reduced ( Figure S6 ). Based on these results, an edge length of c. 7 m was 135 judged suitable to balance accuracy and computational cost, which was approximately the 136 average element size we used for our models (5 -10 m). 137 
3D model 141
The best match between computed and experimentally measured SC area was achieved at a 142 In addition, our 3D model predicted that, in general, the largest TM displacement occurred in the 153 area around the inner wall of SC and center of the TM ( Figure S8 ). Interestingly, relatively large 154 deformations also appeared in the TLS region which divided the canal into compartments at the 155 entrance of CC ( Figure S7, A-C, E-F) . 156
When comparing deformation patterns between the pseudo-2D and 3D models at the same 157 scanning location, the deformation of the outflow tissues looked very similar ( Figure S9 ), except 158 that there was more deformation experienced in the septa region in the 3D model. The slightly 159 lower TM stiffness predicted by the 3D model (48 kPa vs. 60 kPa) might be partially explained 160 by these TLS, since the deformation of those structures suggested that they are in tension and 161 therefore resisted SC lumen distention. 162
The 3D model had several advantages over the pseudo-2D model. It provided a more realistic 163 tissue geometry which included multiple OCT slices. However, it suffered from some limitations. 164
For example, the exact boundaries of TLS were not entirely clear and the stiffness used for TLS 165 was somewhat arbitrary. In view of the very significant time commitment needed to create such 166 3D models, and the relatively small difference in predicted TM stiffness between the 3D and 167
pseudo-2D models, we chose to simply use pseudo-2D models in this work. We found that estimated TM stiffnesses were relatively insensitive to variations in input 174 parameters (mean±SD: 122 ± 8.7 kPa for the quadrant considered). In fact, the estimated TM 175 stiffness were between 114-120 kPa for more than 65% of the LHS combinations ( Figure S10) . 176
Even though statistical analysis suggested that there was a significant partial correlation 177 between two factors (stiffness of sclera/cornea and CB) and the estimated TM stiffness (p < 178 0.05), the squared partial rank correlation coefficients, which is a nonparametric measure of 179 statistical dependence between the ranking of two variables, showed moderate correlations (< 180 0.5) between CB stiffness and estimated TM stiffness (Table S1 ). Overall, this analysis 181 indicated that the estimated TM stiffness was insensitive to variation of CB stiffness, which we 182 judged as the major source of material property uncertainty in our simulations. , where is the difference between the ranks assigned to the corresponding pairs and N is the 191 sample size. Ties are assigned average ranks [5, 6] .
192
For the sensitivity analysis on TM/CB boundary delineation, the estimated TM stiffness (120 193 kPa) was identical for all three delineations. 194
In summary, the sensitivity analyses indicated that estimates of TM stiffness were relatively 195 insensitive to both surrounding tissue stiffnesses and boundary delineation between the CB and 196
TM. 197
Corrected loading pressure 198
For quadrant 77R-IN, the total tubing resistance ( ) and cannula resistance were 199 estimated to be 0.26 and 1.53 mmHg/( L·s) ( Table S2 ). The resistance of SC was 107.42 200 mmHg/( L·s). 201 
